t 



03/0 1537 




EuropSisches 
Patentamt 



European 
Patent Office 



Bescheinigung Certificate 



Office europ6en 
des brevets 



RECD 2 1 MAR 20Q3 



POT 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglfch eingereichten 
Fassung der auf dem nSch- 
sten Blatt bezeichneten 
europSischen Patentanmel- 
dung Gberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the foilowing 
page, as originaiiy filed. 



Les documents fix6s d 
oette attestation sont 
confbrmes d la version 
initiaiement depos^e de 
la demande de brevet 
europten sp6cifi6e d la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n** 

02003968. 1 




Der Prasident des EuropSlschen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le President de I'Office europ^en des brevets 

P.O. 



R C van Dijic 



BEST AVAII-ABLE COPY 



EPA/EPO/OFR Form 1014 1 - 09 9000 7001014 





Europaisches 
Patentamt 



Eun 
Pate 




Office europten 
des brevets 



Anmeldung Nr: 

Application no.: 02003968.1 



Demande no: 



Anmeldetag: 

Date of filing: 22-02.02 
Date de d€pdt: 



Anmel der/Appl 1 cant( s )/Deinandeur( s) : 
Roche Vitamins AG 



4070 Basel 
SUISSE 



Bezelchnung der Erf Indung/TI tl e of the Inventlon/Tltre de 1 'Invention: 
(Falls die Bezelchnung der Erflndung nicht angegeben 1st, slehe Beschrel bung. 
If no title Is shown please refer to the description. 
SI aucun titre n'est 1nd1qu6 se referer A la description.) 

Process for producing levodione by DYE 



In Anspruch genommene PrIoriatCen) / PrIorltyCles) claimed /Priorities) 
revend1qu6e(s) 

Staat/Tag/Aktenze1chen/5tate/Date/F11e no./Pays/Date/Numiro de dipfit: 



Internationale Patentklasslflkati on/International Patent Classification/ 
Classification Internationale des brevets: 



Am Anmeldetag benannte Vertragstaaten/Contracting states designated at date of 
ftllng/Etats contractants dislgnies lors du dSpdt: 



AT BE CH CY DE DK ES FI FR GB 6R IE IT LI LU MC NL PT SE TR 



C12P/ 



02003968. 1 
EPA/EPO/OEB Form 1014.2 - 01.2000 



7001014 



2 



85:01 'qei^ n®^ssuej.diy3 



Rodie Vitamms AG> CH-4070 Basle, Switzerland 



Case 2^47 



ProcesA for producing levodione by OYE 

The present invention relates to a process for producing (6R)-2»2>fi-ttM»etlqd 
cyclohexane-l,4:-dione (hereinafter referred to as levodione) from 2,6,6-trimelUy-2- 
cydohexene-l34-dione (hereinafter referred to as ketoi$ophorone) by reduced 
nicotinamide adenine dinudeotide phosphate (herein after referred to as NADPH) 
dehydrogenase. Levodione is an important intermediate in the synthesis of carotenoids, 
e.g. zeaxanthin. 

A microbiological process of producing levodione from ketoisophorone has been 
known> see e.g. United States Patent 4,156>100. 

Unexpectedly! we now have found that levodione can be formed from 

ketoisophorone by using a NADPH dehydrogenase as a catalyst. The NADPH 
dehydrogenases for use as catalysts in the process of the present invention are generally 
called as old yellow enzyme (OYB) and defined by the enzyme da$$ 1.6.99 according 
to the Enzyme Nomenclature provided by the Nomendature Committee of the 
International Union of Biochemistry and Molecular Biology (Academic Pres5> 1992). 

The present invention is related to a process for producing levodione from 
ketoisophorone which comprises contacting ketoisophorone with NADPH dehydrogenase 
in the presence of NADH or NADPH in an aqueous medium, and isolating the resulted 
levodione from the reaction mixture. 

As used herein, flie term "NADPH dehydrogenase" encompasses proteins capable of 
catalyzing the enzymatic, reaction of ketoisophorone to levodione in the presence of 
NS/fin, 20.02.2002 
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NADH or NADPH, such as the old yellow enzyme (OYE) classified as EC 1.6.99 according 
to the Enzyme Nomenclature provided by the Koxnendature Committee of the 
International Union of Biochemistry and Molecular Biology. 

Particularly, the present invention is related to a process for producing levodione 
5 from ketoisophorone wherein the NADPH dehydrogenase catalyzing said reaction is OYE 
defined by the enzyme class EC 1.6.99. 

OYE for use as catalysts in the process of the present invention is obtainable or may 
be isolated from any appropriate microorganisms suitable for the production of said 
enzyme, including but not limited to Saccharomyces^ Zygosacchar^tnyces^ Candida^ 
10 Gluconobacter^ Beneckm^ or Vibrio. Functional equivalents, subcultures, mutants and 
variants of said microorganisms can also be used in the present invention. The above 
mentioned nucroorganisms also include synonyms or basonyms of such microorganisms 
having the same physico-chemical properties> as defined by the International Code of 
Nomenclature of Ptokaryotes. 

15 In one embodiment of the present invention, the microorganism suitable for the 

production of NADPH dehydrogenase such as OYE is Saccharomyces cerevisiae^ preferably 
Saccharomyces ccrevisiae S288C (ATCC 204508) publicly available from the American Type 
Culture Collection, 10801 University Boulevard Manassas, VA20100-2209, U.S A. The 
well known purification process can be used for the preparation of the enzyme (cf, 

20 Abramovitz, A, S., & Massey. V., J. Biol. Chem- 251,5321-5326,1976). 

A recombinant microorganism, such as Escherichia coH, expressing NADPH 
dehydrogenase can also be used as a starting microorganism. 

In one embodiment of the present invention, a commercially available OYE can be 
used for the catalytic cleavage of ketoisophorone into levodione, for instance, NADPH- 
25 PMN Oxidoreductase® (Sigma, U,S.A.). 

The OYE used for the present invention is comjj^osed of two subunits, OYE2 and 
OYE3 having a molecular weight of 45.0 kDa and 44,9 kDa, respectively. Specifically, 
OYE2 and 0YE3 are preferably used for the present invention. Surprisin^y, it was found 
that OYE2 and OYE3 not only can use NADPH, but also NADH as a co-factor for 
30 catalysing the reaction of the present invention. 

Thus, it is a further aspect of the present invention to provide a process wherein the 
OYE used for the catalytic reaction of ketoisophorone into levodione is encoded by the 
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oy62 or oye3 gene derived from Saechatomyces cerevisiae S288C (ATCC 204508). 

OYE of the present invention catalyzes the xeduction of ketoisophorone to levodione 
in the presence of a co-£ictor according to the following formula: * 

Ketoisophorone + NADH (NADPH):;^ Levodione + NAD (NADP) 



For example^ the standard enzyme reaction is performed as follows: the basal 
reaction mixture (100 pi of 1 M Tris-HCl buffer, pH 8.0, 100 of 80 mM NADH> 100 |d 
of 0.13 M ketoisophorone, and water to mess up to 1 ml of total volume), is supplemented 
by 5 jd of the enzyme solution, and is incubated at 20 to 40^*0 for 5-300 min, preferably at 

10 25°C for 30 min* The reaction mixture is extracted by 1 ml of an organic solvent such as 
ethyl acetate, n-hexane, toluene, or n-butyl acetate to recover the levodione into the 
organic solvent layer. The extract is analyzed by known methods such as gas 
chromatography, high performance liquid chromatography, thin layer chromatography or 
paper chromatography^ or the like. In case of the gas chromatography, the following 

15 conditions can be applied as one embodiment: 

Column; ULBON HR-20M (Shinwa, Japan) 0.25 mm^ X 30m 
Column temperature: 160^C (constant) 
Injector temperature: 250*^C 
Carrier gas: He (ca. Iml/min) 

20 

The reaction can be conducted at pH values of from about 4.5 to about 8,5 in the 
presence of NADH or NAJDPH in a solvent, such as Tris-HCl buffer, phosphate buffer and 
the like. Preferably, the pH is between 5.0 and 8.0. 

The present invention relates to a process for the production of levodione from 
25 ketoisophorone by the help of OYE> wherein the reaction is carried out at pH values of 
from 4.5 to 8.5 md at a temperature in flie range of from 20 to 40*'C. Preferably* the 
reaction is carried out at pH values of from 5,0 to 8.0 and at a temperature in the range of 
from 25 to 35'C. 

The genes encoding the proteins OYE2 and OYE3 of the present uivention can be 
30 doned based on the genomic sequence information of the originating microorganism, e.g. 
Sacdtaromyces cereuisiaey and can be overexpressed in an appropriate host organism such 
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as Escherichia colL The recombinant microorganism, sudi as Escherichia eoliy expressing 
NADPH dehydrogenase can be prepared by well known recombinant technologies (c£ 
Molecular doning: a Laboratory Manual, 2nd Edition / Cold Spring Harbor Laboratory 
Press, 1989). 

5 Thus, the present invention concerns a process for producing levodione from 

ketoisophorone which comprises contacting ketoisophorone with a recombinant 
microorganism expressing NADPH dehydrogenase or cell-free extract thereof in the 
presence of NADH or NADPH in an aqueous medium, and isolating the obtained 
levodione from the reaction mixture. Preferably, the recombinant microorganism is 

10 Escherichia colt 

The NADPH dehydrogenase e^qpressed by the recombinant microorganism is OYE 
defined by the enzyme dass EC 1.6.99 as in another aspect of the present invention. 

Particularly, the OYE used for the expression in the recombinant microorganism is 
derivable from a microorganism which is selected from the group consisting of 
15 SaccharomyceSy Zygosaccharomyces^ Candida^ Gluconobacter^ Beneckea and Vibrio or 

functional equivalents, subcultures, mutants and variants thereof Preferably, the OYE is 
derived from Saccharomyces cerevisiaey more preferably Saccharomyces cerevisiae S288C 
(ATCC 204508). Most preferred is OYE encoded by the oye2 or oye3 gene from 
Saccharomyces cerevisiae S288C (ATCC 204508). 

20 The recombinant microorganism, such as e,g. Escherichia coliy expressing NADPH 

dehydrogenase as in one aspect of the present invention maybe cultured in a nutrient 
medium containing sacc^rides such as glucose or sucrose, alcohols such as ethanol or 
^ycerol, &tty adds such as oleic acid, stearic acid or esters thereof, ot ofls such as rapeseed 
oil or soybean oil as carbon sources; ammonium sul&te, sodium nitrate, peptone, amino 

25 acids, corn steep liquor, bran, yeast retract and the like as nitrogen sources; magnesium 
sulfate, sodium chloride, calcium carbonate, potassium monohydrogen phosphate, 
potassium dihydrogen phosphate and the like as inorganic salt sources; and malt extract, 
meat extract and the like as other nutrient sources. The cultivation can be carried out 
aerobically, normally with a cultivation period of from 1 to 7 days in a medium pH of 

30 from 5.0 to 9.0 and at a temperature in the range of from 10 to 40°C. Preferably, the 
ctdtivation is carried out at the medium pH of from 5,0 and 8.0, and the cultivation 
temperature of from 25 to 35^C for from 2 to 4 days. 

OYE is usefrd as a catalyst for the production of levodione from ketoisophorone. In 
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15 



20 



25 



30 



one embodiment, the reaction ibr producing levodione from ketoisophorone using a 
recombinant microorganism can be conducted at pH values of from about 4*5 to about 8,5 
in the presence of NADH or NADPH in a solvent, such as IHs-HQ buffer, phosphate 
bufifer and the like. In a preferred embodiment^ the reaction is carried out at a pH between 
S«0aAd8.0. 

A preferred temperature range for carrying out the reaction is from 20 to 40**C. 
When the pH and the temperature are set ^t 5*0 to 8.0 and 25 to 35'*C, respectively, the 
reaction usually produces the best results. 

In a further embodiment, the reaction for producing levodione using a recomliinant 
microorganism is carried out at pH values of from 4.5 to 8.5 and at a temperature in the 
range of from 20 to 40''C. Preferably, the reaction is carried out at pH values of from 5.0 to 
8.0 and at a temperature in the range of from 25 to 35^C. 

The concentration of ketoisophorone in a solvent can vary depending on other 
reaction conditions, but, in general, is between 1 mM and 2 M, preferably between 10 mM 
and 100 mM. 

In the reaction, OYE may also be used in an immobilized state with an appropriate 
carrier. Any means of immobilizing enzymes generally known in the art maybe used. For 
instance, the enzyme may be bound directly to a membrane, granules or the like of a resin 
having one or more functional groups or it may be bound to the resin through bridging : 
compounds having one or morefonctional groups, e.g. glutaraldehyde. 

After flie reaction, levodione may be recovered from the reaction mixture by 
extraction with an organic solvent which is non-miscible with water and which readily 
solubilizes levodione, such as ethyl acetate, n-hexane, toluene or n-butyl acetate. Further 
purification of levodione can be effected by concentrating the extract to directly cry$tallize 
levodione or by the combination of various kinds of chromatography, for example, thin 
layer chromatography, adsorption chromatography, ion-^Kchange chromatography, gel 
filtration chromatography or high performance liquid chromatography. 

The following Examples fiirther illustrate the present invention. 
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Example 1 

Qoning of oye2 and oye3 genes from genomic DNA of SAcdtammyees cerevisiae 

Genomic DNA of Seuxharomyces cerevisiae S288C (ATCC 204508) was prepared 
using the potassium acetate method. Using the prepared genomic DNA as template, the 

5 gene fragments of oye2 and oye3 were obtained by two-step PGR method using a thermal 
cycler (Perkin Elmer 2400, U.S.A.). The PGR mixture (0.02 ml) contained 5 pmol of each 
primer, 0 J12 mM of each dNTP, and 2.5 U of Pyrobest DNA polymerase (Takara Shuzo 
Co. LTD / Kyoto, Japan). 100 ng of die genomic DNA of Saccharomyces eeremiae S288C 
(ATCC 204508) was used as the template for the first PGR reaction. The mixture after the 

10 reaction was diluted li20 in water, and used as the template for the second PGR reaction. 
For the first PGR, a cyde of 10 sec at 98'»G, 30 sec. at SSX and 90 sec. at 72''C was repeated 
for 25 times. For the second PGR, a cycle of 10 sec. at 98'G, 30 sec at Sl'G and 90 sec at 
yi'C was repeated for 25 times. 

To done the oye2 gene, the first PGR reaction was performed with primers, OYE2-1 
15 (S'-CGGTCCAGATATAGAATAAATCATCATATTAAG-a') (SEQ ID NO: 1), and OYE2-2 
(5*-GAAATGGTGCTACAAAGTACGGTTAACAC-3*) (SEQ ID NO: 2). By this reaction, 
. DNA fragment containing the oye2 gene (1250 bp) was amplified. The second PGR was 
performed with primers, OYE2-3 (S'-TTAGAAGAATTCATGGCATTTGTTA-S') (SEQ ID 
NO: 3) and OYE2-4 (5'-AGATTTCTGCAGTTAATnTrGTCC-3*) (SEQ ID NO: 5). 

20 By this reaction, DNA fragment containing just the ORF of the oye2 gene (1200 bp) 

was ampUfied. This amplified oye2 gene was treated with EcoRl and PitI, and ligated with 
a vector, pKK223-3 (Amersham Bioscience / Buddnghamshirc, En^and) that was 
predigested with JScoRI and Pstl to construct a plasinid, pECK223-3/OyE2. R coli DH5a 
was transformed with the ligation mixture, and several clones were selected for sequence 

25 analysis. The sequence of the cloned oye2 gene of each candidate clone was determined by 
using the "Thermo Sequenase II dye terminator cycle sequencing kit" (Amersham 
Biosdence / Buddnghamshire, England) and an automatic sequence analyzer (ABI prism • 
377). Primers used for the sequence analysis were as follows ; 

PKK223-3(+) (5'-GACATGATAAGGGTTCTGGCA-3') (SEQ ID NO: 5) 
30 PKK223-3(-) (5'-TTATCAGACCGCTTCTGCGTT-3') (SEQ ID NO: 6) 
OYE2-5 (5'-GGTATGTGGTCCGAAGAACA-3') (SEQ ID NOi 7) 
OYE2-6 (5*-GAGAGGAGGTTCAACTAGATG-3') (SEQ ID NO: 8). 
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Qne of tiie denes that showed completely the same sequence as the knovm oye2 
sequence ofSaeeharomyces cerevisiae S288C (ATCC 204508) was sdected for fiartber 
e)q^eriments. To done the oye3 gene, the first PGR reaction was performed with primers 
OYE3-1 (5'-GTACGTACTrGATATATACAACAACrGTA&.3*) (SEQ ID NO: 9) and 
5 OYE3-2 (5^GCTGCCCTATATAAACAAAGATCGAGTC-3') (SEQ ID NO: 10). 

By this reaction, DNA fragment containing the oye3 gene (1250 bp) was amplified. 
The second PGR was performed with the following primers: 

OYE3-5 (S'-TTAGAACAATTGATGCCATTTGTAA-3') (SEQ ID NO: 11) 
OYE3-4 (5'-AGATTTCTGCAGTCAGTrCTTGTT-3') (SEQ ID NO: 12). 



By this reaction, DNA firagment containing just the ORF of oye3 gene ( 1200 bp) was 
amplified. This amplified oye3 gene was treated with MfA and PstI, and Hgated with a 
vector, pKK:223-3 (Amersham Biosdence / Buddn^amsbire, England) that was 
predigested wifli EcdBl and Pstl to construct a plasmid, pKK223-3/OyE3. JSL a>U DHSa 
15 was transformed widi the ligation mixture, and several dones were sdected for sequence 
analysis. The sequence of the doned oye3 gene of each candidate done ivas determined by 
using "Thermo Sequenase II dye terminator cycle sequencing kit" (Amersham Biosdence / 
Bucldnghamshire, England) and an automatic sequence analyzer (ABI prism 377). 
Primers used for the sequence analysis were as follows : 

20 PKK223-3(+) (5^GACATCATAACGGTTCTGGCA-3') (SEQ ID NO: 13) 
PKK223-3(0 (5'-TTATCAGACCGCTTCTGCGTT-y) (SEQ ID NO: 14) 
OYE3-6 (5*-GACTGTGCATCTGACAGAGT-3') (SEQ ID NO: 15)- 



One of the dones that showed completdy the same sequence as theloiown oyeS 
25 sequence of Sacdiaromyces cerevisiae S288C (ATCC 204508) was sdected for further 
experiments. 



E3cample2 

Levodione production using the cell-firee extract of £L colt strain having the oye2 or oye3 . 
30 gene of Saccharomyces cerevisiae 
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The plasmids, pKK223-3/OYE2 and pKK223-3/OYE3, which were constructed in the 
Example 1 aiid'*Aich comprise the complete DNA sequence of oye2 and oye3, 
respectively, were introduced into R coU JM109, and the recombinant strains, 
JM109(pKK223-3/OYE2] and JM109lpKK223-3/OYE3] were obtained. 

5 The strain JM109[pKK223-S] was also prepared as a control Bach of these strams 

was inoculated into the M9 minimum medium (2 x 500 ml in 2L-Sakaguchi flask) 
containing 0.05 mg/ml of ampicilUn and 2% (w/v) of casamino adds (Difco Laboratories, 
U.SA.) and cultivated at yi^C. When the optical density at 610 nm reached 0.4, IPTG 
(isopropyl (J-D-thiogalactopyranoside) was added to the medium to roakeliie 

10 concentration 0.01 mM and cultivation was continued for further 8-10 hours. Thai the 
bacterial cells were coUected by centriftigation. Approximately 10 g of wet cells were 
obtained from 1 liter of the broth. A fraction (0.7 g) of the cells was rcsuspended into 1.4 
ml of the buffer consisting of 40 mM Tris-HCl (pH 8.0), 10 mM MgCla, 10 mM 
dithiothreitol (DTT). 200 mM KCl and 1 mM phenyhnethyisulfonyl fluoride (PMSF), and 

15 the cells were disrupted with an ultrasonic osciflator for 15 min. After centrifiigatioji, the 
resulting supernatant was used as a cell-free ectract for the levodione production as 
follows. Each of the cell-free extract obtained from the cells of jMl09(pKK223-3/OYE23, 
JM109[pKK223-3/OYE3l or JMl09[pKK223-3] containing 2 mg protein was used in 1 ml 
of the reaction mixture consisting of 25 mM Tris-HQ (pH 8.0), 66 mM NADH or 55 mM 

20 NADPH, and 13 mM of ketoisophorone. The reaction was carried out at 25»C for 30 
minutes. The reaction mixture was extracted by 1 ml of cticylacet**« to recover die 
levodione into ethylacetate layer. The extract was analyzed by gas chromatography 
(column: ULBON HR-20M (Shinwa, Japan) 0.25 mm(^ x 30m, column temp»ature: 160-C 
(constant), injector temperature: 250'*C, carrier gas: He (ca. lml/min)J. The results are 

25 shown in Table 1. 

Table 1 



Qone 


Ck>-&CtOT 


Yield of Levodione (% ot 
ketoisophorone used) 


JM109[pKK223-3/OYE2J 


NADH 


60 


JM109IpKK223-3/OYE2J 


NADPH 


34 


JM109[pKK223-3/OYli3J 


NADH 


12 


JM109[pKK223-3/OYE31 


NADPH 


12 


JM109[pKK223-31 (control) 


NADH 


8.5 
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JM109[pKK223-3] (control) 



NADPH 



9.9 



In another experiment using the combination of the cell-firee extract of 
JMl09[pKK223-3/OYE2l with the NADH-recyding system, the yield of levodlone reached 
95%. In this case, the cell-firee extract of JMl09rpKK223-3/OYE2] containing 30 mg 

5 protein was used in 25 ml of the reaction mixture consisting of 250 mM Tris-HCl (pH 
8.0), 031 mM NAD\ 220 mM D-glucose, 12.5 units/ml glucose dehydrogenase and 65 
mM of ketoisophoronci The reaction was carried out at room temperature for 90 min. 
The pH of the reaction mixture was controlled to be higher than 7,0 using 7% ammonium 
solution. As a result, 9.5 gfl of levodione (95% conversion of ketoisophorone used) was 

10 produced. Optical purity of the product was analysed to be 94.6% (enantiomeric ^cess} 
e-e.) by gas chromatography using a dtiiral capillary column, BGB-176 (BGB Analytik AG, 
Switzerland). 



Example 3 

15 Levodione production using the cells of £. coli strain having the oye gene of 
Saccharomyces i:erwi$iae 

Each of the strains, JM109(pKK223-3/OYE2] and JM109[pKK223-3], obtained in 
Example 2 was inoculated into the M9 minimum medium (5 ml in tube) Qontaining 0.05 
mg/ml of ampicilUn and 2% (w/v) of casamino acids (Difco Laboratories, U.S.A.) and 

20 cultivated at 37^C When the optical density at 610 nm reached 0,4, IPTG was added to die 
medium to make the concentration 0.01 mM and cultivation was continued for further 8- 
10 hours. Th«Q the bacterial cells were collected by ceAtri£ugation> and resuspended into 2 
ml of 100 mM potassium phosphate buffer (pH 7.0). This suspension was divided into 
two portions (1 ml each), and the reaction was started by adding 33 mM (final 

25 concentrations hereinafter abbreviated as fx.) of ketoisophorone and 280 mM (f.c.) of 
glucose with or without 0.37 mM (£cO of NAD***, 15 units / ml (fcc.) of glucose 
dehydtogenase. The reaction was carried out at 30*^0 overnight. The reaction mixture was 
extracted by ethylacetate to recover the levodione into ethydacetate layer. The extract was 
analyzed by gas chromatography as described in Example 1. The results are shown in 

30 Table 2. 
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Tj|ble2 



1 Clone 


Glucose 
dehydrogenase 
Jk NAD* 


Yidd of Levodione 
(% of ketoisophorone 
used) 


Optical purity 
(% &e.) 


JM109[pKK223-3/OYE2J 




65 


59 


JM109 [pKK223-3/OYE2J 


+ 


65 


64 


JM109lpKK223-3] 
(control) 




<1 




JMl09[pKK223-31 
(control) 


+ 


<1 
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1. A process for producing levodione from ketoisophorone vrfaich comprises 
contacting ketoisophorone vdth NADPU dehydrogenase in tibe presence of NADH or 

5 NADPH in an aqueous medium, and isolating the resulted levodione from the reaction 
mixture. 

2. The process according to claim 1, wherein the NADPH dehydrogenase is old 
ydlow enzyme defined by the enzyme dass EC 1.6.99. 

10 

3. The process according to claims 1 or 2, wherein the enzyme is obtainable from 
a microorganism suitable for the production of the NADPH dehydrogenase. 

4. The process according to daim 3, wherein the microorganism is selected from 
15 the group consisting of Saccharomycesy Zygosaccharomyces^ Candida^ Gluconpbacter^ 

Beneckea^ and Vibrio or functional equivalents* subcultures* mutants and variants thereof. 

5. The process according to daims 3 or 4, wherein the microorganism is 
Sacdtaromyees cerevisiae^ pre&^ably Sacdtaromyces ceretHme S288C (ATCC 204508). 

20 

6. The process according to daims 1 or 2, wherein the NADPH dehydrogenase is 
old ydlow enzyme encoded by the oye2 or oye3 gene derived from Saccharomyees cerevisiae 
S288C(ATCC204S08). 

25 7. The process according to any one of daims 1 to 6> wherdn the reaction is 

carried out at pH values of from 4.5 to 8.5 and at a temperature in the range of from 20 to 
40*^Q 
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8. The process according to any one of daims 1 to <5. wherein lie reaction is 
carried out at pH values of from 5.0 to 8.0 and at a temperature in the range of from 25 to 
35«C. 



9. A process for producing levodione from fcetoisophorone whidi comprises 
contacting ketoisophorone with a recombinant microorganism expressing NADPH 
dehydrogenase or cdl-free extract thereof in the presence of NADH or NADPH in an 
aqueous medium, and isolating the obtained levodione from the reaction mixture. 



10 10. The process according to daim 9, wherein the recombinant microoigaxusm is 

Eseheridiia cofi. 



1 1 . The process according to daims 9 or 10, wherein the NADPH dehydxog^ase is 
old ydlow enzyme defined by the enzyme dass EC 1.6.99- 



19 



20 



12. The process according to claim 9, wherein the enzyme used for die expression 
in the recombinant microorganism is derivable from a microorganism which is selected 
from the group consisting of SacckaromyceSf Zygosaccharomyces, Candida^ Glucortobacter, 
BeneOcea, and Vibrio o^ functional equivalents, subcultures, mutants and wiants thereof 



13. The process according to any one of claims 9 to 12, wherdn the enzyme used 
for the ^ression in the recombinant microorganism is derived from Sacdtaron^ces 
cerevisiaet preferably Saccharomyces cerevisiae S288C (ATCC 204508). 



25 14. The process according to any one of daims 9 to 13, wherein the NADPH 

dehydrogenase used for the e3q>ression in the recombinant microorganism is old yeUow 
enzyme encoded by Ae oye2 or oye3 gene derived from Saccharomyces cerevisiae S288C 
CATCX: 204508). 
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15. The process according to any one of daims 9 to 14, whsein Ae reaction is 
carried out at pH values of from 4.5 to 8.5 and at a temperature in the range of from 20 to 
40«'C. 



16. Hie process accordii^ to any one of daims 9 to 14, wheiein the reaction is 
carried out at pH values of from 5.0 to 8.0 and at a temperature in the range of from 25 to 
35*C. 



*** 
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